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[57] ABSTRACT 

A corona arc circuit has a spark plug connected in series with 
a recti?er. A capacitor is connected in series with a spark gap 
and the spark plug. An electrical power source has a trans 
former with a primary winding providing an AC voltage and 
a secondary winding connected to the capacitor via the 
recti?er for charging the capacitor. The secondary winding 
is connected to the spark plug via a high voltage diode 
thereby providing a current path for the spark gap at a 
predetermined voltage and simultaneously discharging the 
capacitor through the spark plug via the spark gap without 
short-circuiting the spark gap. 
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CORONA ARC CIRCUIT 

BACKGROUND OF THE INVENTION 

The present invention relates to a corona arc circuit. More 
particularly, the invention relates to a corona arc circuit 
which is compatible with a conventional spark plug. 
A high energy ignition system or power are ignitor is 

typically used to ignite extremely dirty fuels. A normal 5 to 
10 thousand volt high voltage transformer will not function 
when the fuel is extremely dirty, because the available 
current is too low to avoid being short-circuited by contami 
nants, or by the fuel itself, when such fuel is a heavy residual 
oil, commonly known as “Number 6”. Furthermore, power 
arc ignitors of the prior art utilize a special low resistance 
spark plug which is constructed with a semiconductor com 
ponent. 
The principal object of the invention is to provide a 

corona arc circuit which utilizes a usual spark plug instead 
of the special low resistance spark plug now used. 
An object of the invention is to provide a corona arc 

circuit of simple structure which ignites extremely dirty 
fuels as well as lightly contaminated fuels. 

Another object of the invention is to provide a corona arc 
circuit of simple structure which functions e?iciently, effec 
tively and reliably to ignite lightly and highly contaminated 
fuels. 

Still another object of the invention is to provide a corona 
arc circuit which is less expensive in manufacture and 
operation than presently used circuits of similar type. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with the invention, a conventional 2000 
volt capacitive discharge ignition circuit which requires a 
special semiconductive spark plug is augmented in a manner 
whereby it will function properly with a conventional spark 
plug. 

In accordance with the invention, a corona arc circuit 
comprises an electrical power source having transformer 
means, the transformer means having a secondary winding. 
A spark plug is electrically connected in series with the 
secondary winding of the transformer means. A capacitor is 
electrically connected to the spark plug. A spark gap is 
electrically connected between the capacitor and the spark 
plug. The spark gap has a breakdown voltage. The capacitor 
applies alarge electrical charge to the electrodes of the spark 
plug when the spark gap breaks down and substantially 
becomes a closed switch; the spark gap triggering a high 
energy ignition current when the capacitor voltage reaches 
the breakdown voltage of the spark gap and switching off the 
ignition current when the capacitor voltage drops below the 
breakdown voltage. 

In accordance with the invention, a corona arc circuit 
comprises recti?er means. A spark plug is connected in 
series with the recti?er means. A spark gap is connected in 
series with a capacitor and the spark plug. High voltage 
diode means is provided. An electrical power source has 
transformer means, the transformer means has AC primary 
winding means and secondary winding means connected to 
the capacitor via the recti?er means for charging the capaci 
tor and connected to the spark plug via the high voltage 
diode means. This provides a current path for the spark plug 
at a predetermined voltage and simultaneously discharges 
the capacitor through the spark plug via the spark gap. 
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2 
In a ?rst embodiment of the invention, the transformer 

means comprises two transformers each having a primary 
winding and a secondary winding. 

In a ?rst modi?cation of the ?rst embodiment of the 
invention, the transformer means comprises a single trans 
former having a single primary winding and two secondary 
windings having ?rst and second ends. 

In a second modi?cation of the ?rst embodiment of the 
invention, timing means is connected to the second ends of 
the secondary windings for timing the charging and dis 
charging of the capacitor. 

In a second embodiment of the invention, the transformer 
means comprises a single transformer having a primary 
winding and and secondary winding. The secondary wind 
ing is connected to the capacitor via the high voltage diode 
means and the recti?er means. The spark gap and the 
recti?er means are connected in parallel with each other. 

In a modi?cation of the second embodiment of the 
invention, an additional spark gap is connected in series with 
the high voltage diode means and the spark plug and 
connected in series with the spark plug, the spark gap and the 
capacitor for assuring the building up of the correct charge 
in the capacitor regardless of short-circuiting contaminants 
at the spark plug. 
The corona arc circuit of the ?rst embodiment of the 

invention comprises a ?rst transformer having a primary 
winding and a secondary winding having a ?rst end and a 
second end and providing a determined voltage. A second 
transformer has a primary winding and a secondary winding 
having a ?rst end and a second end and providing a voltage 
substantially twice the determined voltage._A capacitor has 
two electrodes, one of the electrodes being electrically 
connected to ground. A diode recti?er is electrically con 
nected between the ?rst end of the secondary winding of the 
?rst transformer and the other electrode of the capacitor. A 
spark plug is electrically connected in series with a spark gap 
and the diode capacitor. High voltage diode means is elec 
trically connected between the ?rst end of the secondary 
winding of the second transformer and a point common to 
the spark gap and the spark plug. 
The corona are circuit of the second embodiment of the 

invention comprises a transformer having a primary winding 
and a secondary winding having a ?rst end, a second end 
electrically connected to ground and providing a predeter 
mined voltage. A capacitor has a ?rst electrode electrically 
connected to ground and a second electrode. A ?rst spark 
gap is electrically connected in series with the second 
electrode of the capacitor. High voltage diode means is 
electrically connected in series with the ?rst end of the 
secondary winding of the transformer, a second spark gap 
and a spark plug. The second spark gap is electrically 
connected to a point common to the ?rst spark gap and the 
high voltage diode means and a diode recti?er is electrically 
connected between the high voltage diode means and a point 
common to the ?rst spark gap and the capacitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the invention may be readily carried into 
effect, it will now be described with reference to the accom 
panying drawings, wherein: 

FIG. 1 is a circuit diagram of a power are circuit of the 
prior art; 

FIG. 2 is a cross-sectional view, on an enlarged scale, of 
part of the special spark plug of the prior art as included in 
the circuit of FIG. 1; 
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FIG. 3 is a circuit diagram of a ?rst embodiment of the 
corona arc circuit of the invention; 

FIG. 4 is a circuit diagram of a ?rst modi?cation of the 
?rst embodiment of FIG. 3; 

FIG. 5 is a circuit diagram of a second modi?cation of the 
?rst embodiment of FIG. 3; 

FIG. 6 is a circuit diagram of a second embodiment of the 
corona arc circuit of the invention; and 

FIG. 7 is a circuit diagram of a modi?cation of the second 
embodiment of FIG. 6. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The power are ignitor circuit of the prior art, shown in 
FIG. 1, was developed to permit ignition of extremely dirty 
fuels. The prior art circuit of FIG. 1 was sometimes known 
as a high energy ignition system due to the use of sizable 
capacitors on the order of 6 microfarads, charged to 2000 
volts and then discharged in a short time. The resulting arc 
is quite hot and typically has the ability to burn through 
contaminants and still deliver enough energy to ignite a 
burner. 

In the prior art circuit of FIG. 1, a transformer 1 produces 
a 2000 RMS AC voltage with a normal 120 or 220 vac input. 
This voltage is recti?ed by a diode 2 and charges a capacitor 
3. The output of the capacitor 3 is electrically connected in 
series with a spark gap 4, designed to short at 2000 volts, and 
a special concentric arc probe or special spark plug 5 which 
has a necessary surface resistance between the inner and 
outer electrode. Since there is a resistance in the special 
spark plug 5, the spark gap 4 is capable of realizing the 
voltage of the capacitor 3 as it rises to its designed 2000 volt 
breakdown point. When this potential is reached, the spark 
gap 4 shorts out and the 2000 volt potential is delivered to 
the special spark plug 5 itself. At that point, an arc snaps 
between the two electrodes of the special spark plug 5. The 
transformer 1 has a primary winding 1A and a secondary 
winding 1B. 
As soon as the spark gap 4 is short-circuited, most of the 

stored energy of the capacitor 3 is delivered in the special 
spark plug 5 in about 6 microseconds. The transformer 1 is 
unable to keep up with the current ?ow, so the capacitor 
voltage drops to about 200 volts. At that point, the spark gap 
4 ceases to conduct, the arc in the special spark plug 5 
ceases, and since the input voltage is always on, the circuit 
then repeats itself. 
A typical arc probe or special spark plug 5 is shown in 

FIG. 2. The outer electrode 6 is of cylindrical structure and 
is at ground potential and is usually constructed of stainless 
steel, or Inconel (TM). A rod-like center positive electrode 
usually comprises a more special nickel or tungsten alloy to 
resist electron pitting. The electrodes 6 and 7 are coaxially 
positioned and are spaced by a concentric radial gap 8 of 
about 0.040 inch. 

An electrically non-conductive insulator 9 is positioned 
between the inner and outer electrodes 6 and 7. The insulator 
9 usually comprises alumina, or some other metal oxide, or 
clay. The insulator 9 provides the main structural support of 
the device. A thin serniconductive layer 10 is provided on 
top of the insulator 9. The serniconductive layer 10 must be, 
and is, in electrical contact with both electrodes 6 and 7 and 
must also be thin in order to not be too conductive. 

A particular aspect of the arc probe or spark plug system 
of the prior art is the location of the serniconductive material 
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4 
10. It must be a thin coating and it must be on the same 
surface that supports the capacitive discharge are. This is 
necessary to insure the rapid 6 microsecond discharge rate. 
Instead of discharging through the semiconductive material 
10, the abundance of current causes the following. The 
current ?ow lifts oif the surface, the space above the surface 
becomes ionized, the resistance of this area drops as the 
spark gap has already done and, ?nally, the current, because 
of the minimum resistance of the spark gap and the area 
above the arc probe of the prior art discharges rapidly, 
resulting in a hot are. 

It is the phenomenon of 12 joules of energy whereby a 6 
rnicrofarad capacitor charged to 2000 volts is discharged in 
a short time that the corona arc circuit of the invention 
preserves. However, the corona arc circuit of the invention 
replaces the need for the special semiconductive coating 10. 
Instead of actually having a serniconductive material 
grounding the spark gap, an effective low resistance is 
created at the spark plug by creating a “pre” spark at the 
spark plug by a second transformer. This spark has the same 
two repercussions as a resistive coating. That is, it grounds 
the spark gap and it directs the energy of the primary are 
from the capacitor across the surface of the spark plug. The 
hot discharge phenomenon of the capacitor short-circuit 
remains the same. 

In the ?rst embodiment of the invention, shown in FIG. 3, 
the low resistance are probe or special spark plug 5 of the 
prior art circuit of FIG. 1 is replaced by a normal, usual or 
standard spark plug 20 with a solid ceramic between the 
electrodes and no resistive coating. The circuit of FIG. 3 has 
a normal low current 5000 volt ignition transformer 21 and 
a high voltage diode 22 which recti?es the 5000 volt AC 
potential into a 5000 plus volt DC potential. 
The ?rst modi?cation of FIG. 4 is the same circuit as that 

of FIG. 3 with the exception that both the 2000 and 5000 volt 
windings or coils 1B and 21B, respectively, are combined on 
one transformer core with a common primary winding 
121A. Preferably, the transformer 21 should be structured so 
that it provides a little greater than 5000 volts at the 
secondary winding 2113. 

In the initial ON state of the circuits of FIGS. 3 and 4, the 
2000 volt winding or coil 1B charges the capacitor 3 and the 
5000 volt winding or coil 21B produces a DC current across 
the normal spark plug 20. Since the current actually ?ows 
through the spark plug 20, the air is ionized, so that the 
actual voltage drop between the center electrode and the 
outside electrode, which is at ground potential, maintains 
itself at a low voltage level on the order of a few hundred 
volts. 
The operation of the remainder of the circuits of FIGS. 3 

and 4 follows a similar sequence to the prior art circuit of 
FIG. 1. The spark gap 4 waits until it sees a 2000 volt 
potential. This occurs when the capacitor 3 is charged to 
2000 volts plus the relatively small voltage drop across the 
spark plug 20. The spark gap 4 then shorts out and conducts 
to ground, following the electrical path already established 
at the spark plug 20 by the spark of the 5000 volt transformer 
secondary winding 21B, that is, on the surface of said spark 
plug. Both of these two e?fects are equivalent to the original 
spark phenomenon in the prior art circuit of FIG. 1 which 
uses the resistive coated arc probe or spark plug. 

The completion of the discharge cycle is the same in the 
circuits of FIGS. 3 and 4 as in the prior art circuit of FIG. 
1. With little resistance to the current ?ow and no conducting 
path other than the gap between its electrodes, the capacitor 
3 rapidly discharges and the current again is limited by the 
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nature of the 2000 volt secondary winding or coil 1B. 
Furthermore, the circuit voltage drops, the spark gap 4 cuts 
off, and at last, the cycle starts anew, that is, the capacitor 3 
proceeds to recharge. 

Throughout the aforedescribed cycle, the circuit path 
between the 5000 volt secondary winding or coil 213, the 
high voltage diode 22 and the spark plug 20 is uninterrupted. 
Thus, even if there are di?'erent current pulsations occurring 
at the spark plug 20, because of the primary 2000 volt 
winding or coil 1B circuit, the secondary 5000 volt winding 
or coil 21B current, because there is nothing to oppose it, 
always remains reasonably steady and at its relatively low 
voltage. 
The second modi?cation of FIG. 5, which provides better 

control than the aforedescribed circuits, is the same circuit 
as that of FIG. 4, except for the addition of a precise timing 
circuit 23 to the circuit of FIG. 5. The hereinbefore described 
circuits rely on carefully selected components with natural 
limitations to create a relatively inexpensive power pack. If 
it is determined that more durable components are war 
ranted, then more precise timing control over the charging 
and discharging occurrences would be required. The circuit 
of FIG. 5 illustrates how this could be done. The secondary 
winding 1B has a ?rst end 1C and a second end 1D and the 
secondary winding 21B has a ?rst end 21C and a second end 
21D. Atriac driver 24 is electrically connected to the second 
end ID of the secondary winding 1B and a triac driver 25 is 
electrically connected to the second end 21D of the second 
ary winding 21B. The triacs 24 and 25 are connected to each 
other and are switched ON by the timing circuit 23, which 
functions as a dual timing circuit. The triacs 24 and 2S 
naturally turn off when the ON signal is removed and the 
applied voltage crosses zero. The timing circuit includes a 
power source 26, a small power supply winding 27 and a 
modern zero cross-over ?ip ?op timer 28. A typical opera 
tional cycle would be that when the high energy circuit is 
charging, the trigger circuit is off and when the trigger comes 
on the charging goes oif. 
The circuits of each of FIGS. 6 and 7, which disclose the 

second embodiment of the invention, utilize only a single 
5000 volt transformer. This provides a less expensive, lower 
capacity unit. Signi?cantly, although they are not the same 
circuit, both the single winding circuits of FIGS. 6 and 7 
produce a spark gap breakdown by virtue of a pre-spark 
event. This is the basic premise of the aforedescribed 
fundamental corona arc circuits. 

FIG. 6 shows a variation of the circuit with a smaller joule 
rating. In FIG. 6, the dual voltage source is replaced by the 
single high voltage secondary winding 21B. However, the 
same phenomenon occurs. The capacitor 3 is charged to 
2000 volts and the resistive coating of the special spark plug 
5 of the prior art is replaced by a 5000 volt DC arc. Current, 
recti?ed by the high voltage diode 22 bypasses the spark gap 
4 through the second diode 2 and charges the capacitor 29. 
The capacitance of the capacitor 29 is smaller than that of 
the capacitor 3 and is approximately 1.0 rnicrofarad. When 
the capacitor 29 is charged, the voltage potential of the 
transformer 21 is high enough to jump across the spark plug 
20. At that point, the spark gap 4, as before, sees ground 
potential and shorts out. The capacitor then rapidly dis 
charges in a short time duration, producing a hot arc. 
The circuit of FIG. 6 is designed to operate with dirty or 

polluted fuels, so it functions well if the spark plug 20 is the 
open type, or is not too contaminated. If the fuel is dirty or 
polluted, too many contaminants could cause a dual current 
path; one into the capacitor 29 via the diode 2 and the other 
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6 
across a fouled spark plug 20 which could have a low 
resistance due to buildups. In such a case, the voltage 
potential developed across the capacitor 29 could always be 
less than the 2000 volt spark gap 4 and, as a result, said spark 
gap might never break down and said capacitor would then 
never discharge. The circuit of the modi?cation of FIG. 7 
addresses this situation. 
The circuit of FIG. 7, which is a modi?cation of the 

second embodiment of the invention shown in FIG. 6, is the 
same as FIG. 6, except that a second spark gap 30 is added 
to the circuit of FIG. 7 to circumvent the dual path problem. 
In FIG. 7, the second spark gap 30 forces the correct charge 
to be built up on the capacitor 29 regardless of shorting 
contaminants of the spark plug 20. When the capacitor 29 is 
charged, the transformer 21 has just enough energy to jump 
both the second spark gap 30 and the gap in, the spark plug 
20. When this occurs, the spark gap 4 secs ground potential 
as before and the capacitor 29 is short-circuited to ground, 
thereby producing a hot arc. 

Although shown and described in what are believed to be 
the most practical and preferred embodiments, it is apparent 
that departures from the speci?c method and design 
described and shown will suggest themselves to those 
skilled in the art and may be made without departing from 
the spirit and scope of the invention. I, therefore, do not wish 
to restrict myself to the particular construction described and 
illustrated, but desire to avail myself of all modi?cations that 
may fall within the scope of the appended claims. 

I claim: 
1. A corona arc circuit comprising: 

an electrical power source having means to provide a ?rst 
determined voltage and a second voltage substantially 
twice the ?rst determined voltage; 

recti?er means connected to said means to receive said 
?rst determined voltage; 

a capacitor connected to said recti?er means for storing a 
charge of the determined voltage therefrom; 

a spark gap having a ?rst side and a second side with the 
?rst side connected to said capacitor to receive the 
stored charge therefrom and operate to conduct same at 
a preselected breakdown voltage; 

a spark plug connected to the second side of said spark 
gap to provide an ignition are from the stored charge 
above the spark gap breakdown voltage; and 

high voltage diode means connected to said power source 
to receive said second voltage, 

said high voltage diode means also being connected 
between said spark plug and said second side of said 
spark gap whereby said second voltage that is substan 
tially twice the ?rst determined voltage provides a 
current ?ow at the spark plug for ionizing the area 
between the spark plug center electrode and the outer 
electrode that is at ground potential to maintain a 
current path at a low voltage potential allowing said 
second side of said spark gap to see ground potential to 
maintain that the voltage operating said spark gap will 
be at its predetermined breakdown voltage and to 
insure that the discharge of said capacitor through the 
spark gap occurs through said spark plug as a high 
current arc along the preestablished current path to 
ground. 

2. A corona arc circuit for providing the ground path for 
the discharge side of a spark gap controlled discharge circuit, 
said corona arc circuit comprising: 

a ?rst transformer having a primary winding and a sec 
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ondary winding having a ?rst end and a second end, 
said second end being connected to ground potential, 
providing a determined voltage at said ?rst end; 

a second transformer having a primary winding and a 
secondary winding having a ?rst end and a second end, 
said second end being connected to ground potential, 
said secondary winding providing a voltage substan 
tially twice said determined voltage; ' 

a capacitor having two electrodes, one of said electrodes 
being electrically connected to ground; 

a diode recti?er electrically connected between the ?rst 
end of said secondary winding of said ?rst transformer 
and the other electrode of said capacitor; 

a spark gap having a ?rst side connected to said diode 
recti?er and the other electrode of the capacitor and a 
second side; 

a spark plug having two electrodes, one of said electrodes 
being electrically connected with the second side of 

1O 

15 

8 
said spark gap and the other of said electrodes being 
connected to ground; and 

high voltage diode means electrically connected between 
the ?rst end of said secondary winding of said second 
transformer and a point between said second side of 
said spark gap and said one of said electrodes of said 
spark plug whereby the secondary winding of said 
transformer produces DC current by way of a spark 
between the two electrodes of said spark plug whereby 
the current path of the spark plug side of the spark gap 
is reduced to substantially ground potential to insure 
that the discharge of said capacitor is delayed until the 
breakdown voltage of the spark gap is reached and that 
this spark concurrently directs the discharge of the 
capacitor along its current path through said spark gap 
to ground after the breakdown of the spark gap. 

* * * * * 
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